it gives very petite to the overall greenhouse gas (GHG) emissions. Pakistan ranks 135th with respect to per capita GHG emissions all over the world. The Global climate risk index (GCRI) of German watch 2012 classified Pakistan as eighth among in excess of 180 states of the world. Previously, in 2010, GCRI had considered it first. Pakistan is currently a trivial GHG emitter (0.8% of global GHG). Urban air pollution of Pakistan is among the utmost austere in the world and it engenders substantial impairment to the economy and human health, in 2005 approximately more than 22,600 adult deaths in some way were caused by urban air pollution. More than 80,000 hospital admittances per year were caused by only outdoor air pollution; and almost five million cases of lower respiratory diseases in children under the age of 5 and nearly 8,000 cases of chronic bronchitis [3] .
Economic growth is a progression of industrialization and urbanization, for which people transform their mode of work from agricultural to industrial and also their way of living from rural to urban. This transformation modernizes the way of living, but also effects the environment by emitting GHGs -especially CO 2 . Particularly in urban areas, Pakistan faces critical environmental complications. These could easily put in danger sustainable development and incessant economic growth in Pakistan [4] . Apart from the growing economy, it would also be a prerequisite to encourage maintainable development in cities of Pakistan in order to improve the quality of life and mend the urban environment to increase economic performance. Urbanization is also resulting in more emissions of CO 2 . However, the increased number of people at one place means more use of fossil fuels that will emit more CO 2 into the air [1] . Henceforth, by reviewing the research, we found that the main contributors of CO 2 emissions remained energy intensity, trade, population, technology, urbanization, economic growth, industrialization and affluence [5] . According to the work of [6] and [7] , the state of a country is a principal actor in the depletion of the environment. Non-high income countries with varying stages of improvement, including lower center and upper center salary nations, may differ in their effects of decaying condition, particularly CO 2 emanation and in creating arrangements because of them accordingly.
Although the subject of this study is an extensively evaluated area in the educational and research arena, the relationship between economic growth and urbanization has received continuous attention from policy makers and in academic circles. Findings of [8] provide evidence that the impact of urbanization level on carbon emissions differs with varied growth phases. Taking into concern regional urbanization differences, in [9] the impact of urbanization level on carbon emanations examined for China. They build up that this impact contrasts through districts. The STIRPAT model was utilized to recognize impact factors on carbon emanations for China [10] . They revealed that together with GDP per capita, urbanization, industrialization and populace scale could induce the heightening of carbon emissions. Related outcomes could be attained from the experimental works of [11] for Beijing City, and [12] for Guangdong Province. Henceforth in Pakistan, sufficient research has not been done according to the erratic state to examine the impact of energy consumption, industrialization, and economic growth, along with consideration of urbanization on environmental degradation. Yet, there is still a momentous gap in the literature. Prior research studies majorly concentrated on energy demand, trade openness, economic development, renewable energy, non-renewable energy, and EKC framework [13] [14] [15] [16] [17] . Whereas some studies further added EKC hypothesis with various air pollutants [18] and a small number of studies have focused on energy intensity. A mutual feature of most of the studies is that they have concentrated on developed economies, whereas only very limited have focused on developing countries like Pakistan. In [2] , the effects of urbanization and genuine financial advancement on CO 2 emissions in non-high pay nations investigated in view of the broadened STIRPAT model.
In the last decade (2001-2010) a number of developing countries have experienced exceptional instantaneous growth in both urbanization and GDP per capita. Since the 1970s, rising nations have encountered quick-paced urbanization and industrialization, actuated by quick financial development. These procedures are likewise escorted by fast accelerations in fossil vitality demand and CO 2 emissions. The study contributes to existing literature as follows: Firstly, the current study follows the successive observed illustrations from the prevailing literature and incorporated a few more variables in the CO 2 framework in the context of Pakistan for vigorous policy inference. Secondly, the prior studies added FDI inflows [19] [20] financial development indicators [17, 21] through varied economic settings, though as per authors information, none of the study added urbanization, industrialization, energy consumption with economic growth to investigate the impact on CO 2 emissions in a large panel settings in the context of Pakistan. Lastly, the relationship between carbon emissions and urbanization is a less explored area in Pakistan, and is mainly exercised on China [22] and the Chinese economy [23] [24] , Turkey [25] , Japan [26] , ASEAN countries [27] , developed countries [28] and Nigeria [1] . These differences noticeably specify the requirement of the cooperating environmental model in Pakistan, where the key causes of environmental degradation can be detect and offer credible environmental solutions. The present study concentrated on these causes and projected supportable policies.
The environment affects every sector of the country, though Pakistan is not actually a developed country, yet environmental pollution is going to become an issue, and for that reason a sturdy national policy is very critical to chaperon climate change adaptation. Thus, in order to overcome the serious challenges of pollution of air, water and land, our policy implication is that it is very important to ensure sufficient social sector investments, particularly for the environment. Therefore, this study is an augment in the literature by examining the impact of economic growth and urbanization on environmental degradation of Pakistan. It will provide a comprehensive economic insinuation for the upgrading of environmental criterions. In our study, we accomplish the ARDL-bound testing approach to explore the linkage between industrialization, energy consumption, economic growth, urbanization, and carbon emissions for Pakistan, and to find out the potential causes of contaminated environment and provide solution for the hidden issues of fumes.
Brief Literature Review
Economic growth and industrialization altered the status of the country from being less developed to developed; however, this economic growth and industrialization brings some serious issues like deterioration of the environment by the emission of harmful gases -especially CO 2 . The existing literature pointed out in different countries cases of environmental degradation by the emission of CO 2 , trade, urbanization and level of income [5, 8, 17, [29] [30] [31] [32] . However, the rate of depletion of environment for all countries is not the same. For European Union countries, outcomes of the study [33] specified that populace progression is certainly associated with the upsurge of carbon emissions, and that environmental impressions are slighter in comparatively progressive member countries.
In [26] a study carried out in Japan explained that increased use of energy means more environmental pollution; however, urbanization, foreign trade and economic growth do not affect the environment. A study was carried out in Nigeria using a multivariate vector error correction model. The results pointed out increased economic growth in more energy consumption and an increased emission of CO 2 in the long run [34] , while [35] pointed out that 8.4% of CO 2 emissions is caused by a 10% increase in GDP; moreover, 10% energy intensity (EI) causes a 2.4% increase in the emission of CO 2 . A panel co-integration test was applied on emerging and frontier Asian (EFA) markets from the period 1960-2015 and their results confirmed the EKC hypothesis with the nearness of the transformed U-shaped connection between financial development and CO 2 discharge, but be that as it may, populace development negatively affects CO 2 emanation in EFA [36] . Energy also caused an increase in CO 2 emissions such as oil, gas and electricity is expansively consumed in many sectors such as transportation, industry and services. In [2] , findings indicated that real economic development does not cause increased CO 2 emissions in upper and lower middle income countries; however, urbanization caused a small increase in CO 2 emissions. Voluminous studies in different countries of the world extensively discussed the connection of the environment with energy consumption and economic growth. Some researchers have found that the impact on CO 2 emissions differs with the level of development of a country. Applying the STIRPAT model across 99 countries [8] pointed out that urbanization is emitting more CO 2 in middle and high income countries. [7] applied the panel data set model to 69 countries from low, middle and high income groups and revealed that GDP, trade openness and energy consumption accelerates the emission of CO 2 . However, urbanization has a negative effect on all countries. [37] uncovered that in the low remuneration group, urbanization expands CO 2 discharge, in the center/low pay and high remuneration groups, industrialization builds CO 2 outflows, while urbanization fundamentally expands CO 2 emanations, and for the center/high remuneration groups, urbanization does not altogether but rather hinders the development of outflows, while industrialization was found to have an immaterial impact on CO 2 emissions and also increase emissions except for the high income group. Overall, there is a unidirectional relationship among population growth and CO 2 emissions. In [21] researchers argued that the Industrial Revolution also thrust urbanization and industrialization as the main ways to monetary and social redesigning. Alternately, these methods invigorate the quick development of petroleum derivative ingestion and deliver groundbreaking measures of carbon dioxide (CO 2 ) and other ozone-depleting substance (GHG) emanations. There are a lot of studies for carbon emissions, including indoor and outdoor -especially urban cities and parks. It shows that PM2.5 affected human health. Solar radiation in urban areas also affects human health. The plants indoor are affected by solar radiation. This leads to climate change in the environment as well as forest, coastal, and urban areas [38] [39] [40] [41] [42] [43] [44] [45] [46] . A recent study shows that carbon emissions affect thermal comfort and lead to climate change problems [56] [57] [58] [59] [60] . Thus, it demands natural areas and coastal areas [47] [48] [49] [50] [51] .
Material and Methods

Data and Sources
On the basis of availability of data, this study was used data for the selected time period 1972-2014. Monetary growth is estimated as GDP per capita (constant 2010 US$), environmental degradation computed as CO 2 emissions (metric tons per capita), urbanization as urban populace (percentage of aggregate), energy consumption is estimated as vitality utilized (kg of oil equivalent per capita), industry value added (constant 2010 US$) used to measure industrialization. Data is collected from a database of the World Bank known as the world development indicator (WDI). The recent patterns of concern variable are illustrated in Fig. 1 .
Econometric Model and Background
Urbanization in growth equation to assess the abovediscussed relationship incorporated in [52] . Urbanization is an important determinant of environmental quality and in [31] expressed the dynamic link between urban population and CO 2 emissions. Most past research determined that urbanization and industrialization upsurge vitality utilization and carbon outflows [5] . In [29] , researchers organized a negative impact of urbanization level reporting in real time contamination file in China for the length of 2003-2010. Urbanization is usually meant by the extent of the proportion of urban-to-total population [28, [53] [54] [55] . Consumption of energy is among the core factor of CO 2 emissions, which is straightaway interrelated to income level. Further ongoing writing procured carbon outflows as an intermediary pointer of environmental quality based on the STIRPAT model [17] . Conferring in the study that industrialization and urbanization would prompt financial development and heightening of GDP per capita, by implication prompting escalations of CO 2 outflows [2] . Specifically in the present study, we select industrialization, economic growth, urbanization and energy consumption as explanatory variables to explore their impact on carbon emissions in the context of Pakistan.
Accordingly, we have incorporated these indicators in our model based on theoretical framework in Fig. 2 and we can write the functional form of CO 2 emissions as follows see Fig. 2 :
Taking logs, the linearized model is given by: …where: ln = Natural logarithm α = Intercept β 1 = Elasticity of CO 2 emissions with respect to economic growth β 2 = Elasticity of CO 2 emissions with respect to urbanization β 3 = Elasticity of CO 2 emissions with respect to energy consumption Based on the above equation we continue to figure our autoregressive distributed lags (ARDL) that will be assessed, keeping in mind that the end goal is to discover the connections among the factors under scrutiny as appeared in the following equation:
(1) … where μ t is a random error term and subscript t indicates time period. We utilize the following Eq., keeping in mind that the end goal is to test the longrun coefficients of ARDL:
(2)
To choose lag length of the model, Schwarz Bayesian Criterion (SBC) is picked and applied error correction mode with a view to decide short-run elements of the factors:
(3)
Results and Discussion
In descriptive statistics, the probability value of Jarque-Bera for all variables is more than 0.05, i.e., lnCO 2 0.15, lnIND 0.93, lnGDP 0.22, lnURB 0.40, lnENR 0.12 respectively; which indicates normal residuals.
ARDL Bounds Testing
For the ARDL bounds testing approach to cointegration, the prime step is to investigate the unit root properties of the variables to proceed. We confirm that none of the variables are assimilated at I (2) . In order to get meaningful results from data we have applied the ADF test by Dickey and Fuller. Studies have been carried out on the environment by using the ARDL framework, for instance in China by [22] , [56] in Turkey and [1] in Nigeria.
The time period that our data set contains is properly elongated (42 years); it is expected that a unit root process will be followed by macroeconomic variables. We apply these tests to assured that no series go beyond I(1) order of integration. For circumventing specious regression analysis, the stationary of time series data is essential, as it is incredible to get consistent results and project with nonstationary series. Table 2 indicates the outcomes of unit root tests. All variables are tested which propose that maximum of the variables under concern are stationary at first difference and some are at level. Energy, GDP, industrialization and CO 2 are stationary at first difference, hence they are I(1) variables and we reject the null hypothesis. However, urbanization is integrated of order at I(0) with constant and trend. Due to these variegated orders of integration, rather than the traditional panel co-integration test panel the ARDL approach is applicable. F-statistic (15.66) is higher than the upper bound, and the decision rule as proposed in [57] is that if the estimated F-test value is greater than the upper bound critical value, null hypothesis will be rejected, hence there is co-integration among the set of (I(0) and I(1)) variables and we undertake that there can be at the minimum short run or long run association between variables. Table 4 shows the long run estimates, GDP, and ENR showing significant and positive results. A 1% increase in economic growth (GDP) raises CO 2 emissions by 0.412, and a 1% increase in energy consumption escalates CO 2 emissions by 1.41. IND is negative and insignificant, while URB is positive but insignificant. These results are in line with [58] , who also confirm that urbanization is inconsequential in increasing emissions. However, it significantly increases energy consumption. Henceforth variables are co-integrating as we have seen from the F-Stat in Table 3 . Most of the variables are affecting each other in the long run.
In short run constituents, furthermost important is ecm(-1) and results show that it is -0.85 (near to -1) and also significant (0.00) then it is ideal, ensuring that there is conjunction in the model that circuitously shows that there is a substantial long-run relationship.
To evaluate the sturdiness of the empirical model, we used four provided diagnostics. Foremost is serial correlation, which is insignificant as per F version and LM version. Equally, the functional form is trivial, normality is also inconsequential and heteroscedasticity is insignificant too, according to both the F and LM versions. Consequently, we can take up that there is no auto-correlation and henceforth there is no outward issue with this model.
We performed CUSUM and CUSUMSQ tests to check for the stability of the long and short run estimates. In Figs 3 and 4 , estimated lines do not cross the two critical lines. This means that there is no concern of recursive residuals in terms of mean (in first CUSUM chart) and in terms of variance (in second CUSUMSQ chart).
Conclusion
We are certain that these empirical findings not only augment the current literature, but also are worth larger thoughtfulness from developing countries. The significant inference of the findings is that countries should observe different strategies to endorse economic growth, industrialization, energy consumption and urbanization according to their stage of development in order to protect the environment and decrease emissions. The swift development of urbanization and energy use has appealed much thoughtfulness from policy makers and educational groups. Our empirical work takes a renewed look at the association between GDP, industrialization, energy consumption, urbanization and carbon emissions in Pakistan, using yearly data for the duration of 1972-2014. To summarize, findings of the study showing that GDP (economic growth) and energy consumption have significant and positive impact on CO 2 emissions and these findings reconfirm the results of [59] , and our results are also consistent with findings of [25] and [1] . Nevertheless, our findings In short run constituents, furthermost important is ecm(-1) and results show that it is -0.85 (near to -1) and also significant (0.00) then it is ideal, ensuring that there is conjunction in the model that circuitously shows that there is a substantial long-run relationship.
are in line with [27] , who find that there is evidence for the existence of a long-term equilibrium relationship between urbanization, energy use, and carbon emissions for the ASEAN countries. Our findings of coefficients of long run result disclose that urbanization is positive, but does not have any significant impact on CO 2 emissions in Pakistan, and these findings reconfirm results of [60] for developing countries and [2] for nonhigh income countries. This study also determines that there is no indication that industry has a strong positive and significant impact on CO 2 emissions in Pakistan as a whole and also in the long run. Our findings contradict the common assumption that industry is a major contributor to promoting environmental pollution, results of the study of [37] reveals that industrialization increases CO 2 emissions in the middle/low income and high income groups. In fact industrialization is not supporting CO 2 emissions in the analysis because of its inadequate volume, as industry is not flourishing at a very advanced level in Pakistan. Thus policy inferences are recognized, policy makers and municipal organizers should accentuate coherent planning of environment management and proficient policies, with proper consideration for the environment.
The outcomes of the study specify that in Pakistan, GDP (economic growth) and energy consumption are the main sources of long-run variations in CO 2 emissions. We observe that the influence of energy use on carbon emissions is larger than that of urbanization on carbon emissions in Pakistan. The causal relation of independent variables and CO 2 emissions proposes that it is a prerequisite for government to control environmental degradation by implementing policies inspiring effective use of energy resources. Environmental policy planners should take it on serious grounds as in spite of lacking industrial development, Pakistan is facing a dilemma of polluted environmental issues, and they should find the crucial causes of current environmental contamination in Pakistan and to mitigate those motives. Furthermore, it is also proposed that if the government of Pakistan implements an environmental tax system, it could encourage effective consumption of energy resources and relief in lowering extravagant consumption of energy, which has no destructive significances for economic growth in the long run. One important recommendation in this respect comes up that such policies should be realized to account for the technical revolution which can have a consequence in more resourceful use of energy resources and diminish its deleterious effect of greater use of energy on the environment. In Pakistan, our empirical outcomes make assistances to the contemporary literature, and justify complete responsiveness of the government concerning reducing carbon emissions.
